Productivity and cropping intensity on non-tidal wetland in South Sumatra are considerably low and has been underutilized up to now. The majority of farmers in this ecosystem are smallholders with limited adoption capacity on introduced technologies and modern agricultural practices. The objectives of this research were (1) to comprehensively capture multidimensional constrains that restrained local farmers in increasing their agricultural productivity; and (2) to identify, assess, and develop substantially-relevant, financially-affordable, and sociallyacceptable agricultural technologies and practices for smallholder farmers to increase productivity. This research was organized in three main activities: qualitative research employing Grounded Theory procedure, quantitative questionnaire-guided survey, and a series of laboratory and field experiments. The research results indicated that the main constraints in increasing productivity and cropping intensity on the non-tidal wetland in South Sumatra include (1) unpredictable flooding occurrence and low soil nutrients content (agronomic constraint), (2) low financial and technology adoption capacity of local farmers (economic constraint), and (3) public policy has not significantly escalated farmer's motivation to increase food production (social and institutional constraint). This research suggests that multidimensional (technical, financial, ecological, and socio-cultural) approaches should be integrated in collective efforts for sustainably intensifying food production on the non-tidal wetland.
INTRODUCTION
Wetlands are commonly differentiated into tidal and non-tidal swamps. Agriculture development on tidal swamp has been more advanced than that on non-tidal swamp in Indonesia, including the non-tidal wetland. Most farmers on non-tidal wetland in South Sumatra, for instance, are still practicing low-input traditional agricultures, resulting in low productivity (Lakitan et al., 2018b) . They also only grow single rice crop annually. After rice harvest, the lands are rarely cultivated. Thus, cropping intensity is also very low.
The total acreage of wetlands in Indonesia was estimated to be 39.6 million ha or 21.0 % of to-tal land area (Margono, Bwangoy, Potapov, & Hansen, 2014) . From this total acreage, 13.3 million ha are non-tidal wetland which regularly flooded during rainy season. Low productivity and low cropping intensity on non-tidal wetland and large acreage of this non-tidal wetland is still underutilized, it should be optimistically perceived as an opportunity for increasing food production in Indonesia. However, the non-tidal wetland is a fragile ecosystem; therefore, it should be sustainably managed.
A sustainable management of non-tidal wetland for intensifying agricultural activities should include three major principles of ecologicallyfriendly, economically affordable and profitable, and socially inclusive. Rockström et al. (2017) argued that sustainability has multiple social, ethical, and environmental dimensions. Therefore, technology, management, and practices should not only be focused on increasing productivity, but should also assure sustainability of the production activities. Local and smallholder farmers should get reasonable economic benefits owing to their involvement in agriculture development. Technological development and public policy should not marginalize smallholder farmers and rural communities.
There are some agronomic challenges in managing the non-tidal wetland, including: (1) unpredictable and unmanageable (at farmer's level) annual flooding during rainy season; (2) low soil fertility; (3) drought during dry season; and (4) weeds, diseases, and pests. From these four constraints, the hardest one to manage at small-scale is the unpredictable flooding occurrence. At a large scale, the solution of this problem is by developing polder system for pumping water in and out of the paddy fields. Solving the last three problems will depend on financial capacity. These solutions, however, might not be feasible due to low financial capacity of most smallholder farmers on non-tidal wetland in Indonesia.
From economic perspective, efforts in increasing crop productivity and cropping intensity are not only restrained by low farmer financial capacity, but also due to low price of agriculture and food commodities that has been a disincentive to farmers. The low price of agricultural commodities and expensive agricultural inputs lead to an almostimpossible-task for smallholder farmers to exit from poverty trap. This condition has discouraged farmers on non-tidal wetland to participate in government efforts to increase crop productivity.
It might not be so obvious for many stakeholders in agricultural development that efforts on sustainable intensification of food production cannot be limited to only agronomic, economic, and ecological aspects. The efforts to increase food production should adhere to agronomic practices that harmonically balance with ecological concerns, economic benefits, and quality improvement in livelihood of the local farmers. Hakim, Pamungkas, Wicaksono, & Soemarno (2018) clearly mentioned that practicing local-based traditional agriculture also benefited to conservation of native plant species. Bring to mind that the actors who will execute the efforts on the field are the smallholder farmers with all of their limitations. The executors are not decision makers, bureaucrats, academicians, or researchers.
The objectives of our research were to: (1) 'deep dive' into livelihood of local farmers for capturing real issues which prevent local farmers from maximizing their efforts in increasing agricultural and food production; and (2) identify implementable technologies and sustainable practices for increasing food crop productivity on tropical non-tidal wetland in Indonesia.
MATERIALS AND METHODS
Five villages at Pemulutan District were selected in this study. All of the villages are located within non-tidal wetland ecosystem. The research was commenced with a qualitative field research for identifying issues and capturing linkages amongst issues associated with farmers' practices in cultivating their land. This grounded research was done during the first quartile of 2016. Procedures in the grounded research were as described by Corbin & Strauss (2014) .
Based on results of the field research and direct observations, a relevant questionnaire was developed for guideline in executing the following quantitative survey for evaluating significance of selected farmer's practices and strength of linkages among the agronomical-related practices. The objectives of the quantitative survey was to enrich and deepen knowledge on agricultural practices commonly done by local smallholder farmers. This survey was executed during the second quartile of 2016.
The accumulated knowledge from the qualitative field research and the quantitative survey were used as foundation for designing three field experiments for: (1) evaluating possible role of wood biochar in increasing efficiency of inorganic fertilizers commonly applied by local famers, in order to reduce cost of inputs in rice cultivation;
(2) identifying other low cost soil ameliorants that were effective in reducing farmer's expense on purchasing inorganic fertilizers; and (3) comparing performance of newly released rice varieties with familiar variety used by local farmers. This field researches were conducted during the third and fourth quartiles of 2016. The selected practices in these field experiments were restricted to those affordable by smallholder farmers and the available materials on the local non-tidal wetland.
RESULTS AND DISCUSSION

Agricultural Practices on the Tropical Non-Tidal Wetland
The information on agricultural practices by local farmers on non-tidal wetlands was extracted from the unstructured-dialogs employing the field research procedures, the quantitative survey, and backed up with photographic documentation captured during field observations.
There was no doubt that the most successful introduced product of technology was the highyielding rice varieties, especially Ciherang and few other modern rice varieties. The result of this study justified this statement. Ciherang is inbreeding rice variety; therefore, most of local farmers keep a portion of their harvest to be used as seeds for the following growing season. They purchased new certified seed only if morphological heterogeneity of their last crops was high or if they received certified seed from government aid programs. The ability to use their own seeds, thus no cash spending for seeds, at the following growing season was the main reason for local farmers to use inbreed rather than hybrid rice variety.
Smallholder farmers are commonly practicing seedling transplanting procedure and very rarely do direct seeds planting. In contrast, a large-scale rice estate near the research location did a direct planting. Major differences in rice cultivation between smallscale, traditional, subsistence local farmers and large-scale, modern, commercial rice estate were presented in Fig. 1 . The rice estate did not transplant since it has not been successful in implementing mechanized transplanting and due to labor shortage at the area for doing transplanting manually. Liu et al. (2015) stated that direct-seeded rice is an alternative cropping technique that requires less labor and water than classical transplanted-flooded rice. Additionally, unlike the local farmers, the rice estate does not have to do transplanting since they can do direct sowing at any time of the year. Their sophisticated water management system enables them to pump out excess floodwater from each block of paddy field at time they sow the rice seeds and to pump water back into the block after rice seedlings has grown to a desirable height.
Smallholder farmers on non-tidal wetlands opt to do transplanting than direct sowing for a very specific and strategic reason. This option is mostly coupled with seedlings preparation using floating system. The main purpose of using floating system for seedling preparation is to enable earlier start of rice growing season. Seedling preparation is started before floodwater completely receded. Since rice seedlings are optimally transplanted at age of 2-3 weeks (Lampayan et al., 2015) , and at time of transplanting, allowable floodwater should be at 15 cm depth or less, as long as the seedlings are not completely submerged; therefore, rice growing season can be commenced at 2-4 weeks earlier if using this floating system, than if seeds were directly sown on paddy field at time of floodwater almost completely diminished. The importance of an early rice growing season is to avoid drought condition in the late generative phase at shallow non-tidal wetland or high flooding before rice harvesting at deep non-tidal swamp. In short, early rice growing season is an effort to minimize the risk of harvest failure or significant yield reduction or loss due to unfavorable climatic conditions. About a quarter to half of local farmers (depending on length of flooding duration) prepared rice seedling using floating raft made of native sedges of Scleria poaeformis RETZ. and an easily decomposed native aquatic plant Utricularia vulgaris L. as growing substrate. Both of these biomaterials are native to non-tidal wetland ecosystem and available in less-disturbed part of non-tidal wetland nearby the studied villages. This biomaterial-based floating raft can be considered as one of very successful and useful grassroots innovation in agriculture on non-tidal wetlands.
The most crucial part for cost efficient rice cultivation on non-tidal wetlands is timing between the appropriate age of seedlings and the depth of floodwater on paddy field at time of transplanting. If seedlings are too old (more than 3 week old), rice tends to produce less tillers, thus lower the yield. The number of tiller per hill was directly correlated with the number of panicle per hill (Lakitan et al., 2018a) . If floodwater is too deep, then transplanting cannot be done since seedlings cannot survive under a submerge condition. The unpredictable flooding behavior causes farmers extra cost for preparing twice or more seedling preparations in one rice growing season. In case of floodwater is still too deep for transplanting, while seedling age has reached 3-week old, local farmers do extra step prior to transplanting by spreading the seedlings at available shallower floodwater segments at their paddy field.
More than half (60.0 %) of farmers on nontidal wetland prepare land using rented hand tractor. Only few farmers have their own hand tractor. They do it twice, prior to flooding period for killing weeds and for preparing the paddy field before transplanting of rice seedlings. During the second land preparation, farmers also fertilized their land. In the last decade, more farmers used hand tractor were driven by declining availability of manpower for manual land preparation. Moreover, labor cost is more expensive than the cost of renting a hand tractor. The land preparation using hand tractor is also faster than doing it manually. In most cases, farmers who are doing land preparation manually have small acreage (0.3 ha or less) of paddy field so that the land preparation can be handled by the farmers themselves.
Less than half (43.75 %) of the farmer population on non-tidal wetland apply inorganic fertilizers, as part of their routine rice cultivation practices, even though the price of inorganic fertilizers for food crop farmers has been subsidized by Indonesian government. Of those who applied the inorganic fertilizers, more than half of them did not apply the fertilizers at full recommended dose due to limited financial capacity of the local farmers.
In term of water management in non-tidal wetlands, there are contrasting issues between rainy and dry season. During rainy season, the problem is how to manage excessive floodwater; while during dry season, it deals with how to supply enough water for crops. There was absolutely no water management practiced by smallholder farmers on non-tidal wetland during flooding period at rainy season. The land area affected by floodwater was so massive, covering the whole ecosystem. Therefore, it is impossible to manage the floodwater at smallscale farm level. Water management using polder system is only feasible at landscape level. In a flat topography of non-tidal wetland, it usually covers an area of hundreds hectares. Thus, polder system is only suitable for large-scale of commercial rice estate. The constructing polder system on paddy fields owned by hundreds of smallholder farmers has to deal with diverse social issues and political interests (Dewan, Mukherji, & Buisson, 2015) .
Water management at small-scale farm is much more needed during dry season. Non-tidal wetland during the dry season can cause drought stress to most of food and vegetable crops. Only few local farmers (those who have large farm size) at studied area irrigated their land during dry season by pumping ground water or pumping water from nearby river or creek. Screening for vegetable crops adaptable to soil gradual drying is another avenue for increasing cropping intensity (Widuri et al., 2018) .
The results of the field research and quantitative survey revealed that there are many agronomic challenges encountered in efforts to sustainably intensify food production on non-tidal wetlands. However, the fundamental issues were not on the agronomic, ecological, or other technical problems; it was on how to motivate smallholder farmers to increase their participation, thus contribution, to the collective efforts in increasing food production at non-tidal wet-lands. Thing that motivates farmers to increase food production is to have a better future.
Challenges and Opportunities in Increasing Food Production
A continuously growing global population, with exception to few countries, will lead to the increase in food demand and may trigger increase of food price. This condition is expected to motivate farmers as food producers to elevate productivity of their agricultural land. A relevant and affordable agricultural technology is clearly needed by farmers to boost the productivity. The presence of agrobased processing industries is expected to absorb agricultural commodities produced by farmers and stabilize the price of commodities. A favorable public policy creates a conducive environment for all stakeholders to participate in the collective efforts to increase food production. The expected roles of government includes providing financial incentives and opening access to venture capital for smallholder farmers; better agricultural infrastructures, especially irrigation and rural transportation; and wider access for farmers to use agricultural machineries thru farmer's cooperatives (Fig. 2) . By default, the increase in population will also increase food demand. The issues are do smallholder farmers on non-tidal wetland recognize this market opportunity and how do they respond to? Since most of smallholder farmers on non-tidal wetland in South Sumatra are subsistent, noncommercially-oriented farmers, they did not show any response to this opportunity.
The majority of farmers have adopted modern high-yielding rice varieties. An increasing number of farmers used hand tractor in land preparation since it was affordable to rent the tractor and declining availability of workforce interested in working in agricultural sector, especially on non-tidal wetland in vicinity of a large city. Similarly, more farmers opt to hire those who offer service to harvest rice crop rather than hiring manual labor. Haggblade, Hazell, & Reardon (2010) argued that off-farm economy could significantly contribute to rural community. For instance, the presence of commodity processing industry would improve rural economy. However, processing industry available within the non-tidal wetlands at present is only in form of small capacity rice milling, managed and/ or own by local people. It is very reasonable since almost all local farmers grow rice as their main crop. Vegetables are very limited and mostly consumed as fresh or directly cooked side dishes; therefore, there is no demand for processing vegetables. In short, there is no significant influence of processing industry on increasing the agricultural productivity and rural economy.
The local government regulation and policy specifically related to or designed for increasing food production have not been well disseminated, if any. There were some sporadic local government program and activities that were associated with efforts on encouraging communities to participate in growing vegetables, spices, or herbal plants in their yards. The programs, however, is more propaganda than a well-structured technical program directly relevant to farmer's needs, suitable to local ecosystem, and affordable to farmers.
Despite seemingly strong commitments of all stakeholders in increasing food production at suboptimal and underutilized lands, the task would not be easy to achieve. Some factors may restrain the effort, including conversion of the agricultural lands into lands for non-agricultural uses. Land conversion is irreversible. For instance, once paddy field was converted into housing or transportation infrastructure, it is almost impossible to revert it back to paddy field. At present, a toll road is under construction, passing through non-tidal wetland ecosystem of Pemulutan, connecting Palembang (capital of South Sumatra Province) and Inderalaya (location of Universitas Sriwijaya). The construction of any toll road will soon be followed by development of residential, business, and industrial zones.
The unpredictable flooding occurrence is still a serious constraint for agricultural activities on non-tidal wetlands. Polder system, as solution for managing floodwater during rainy season and water shortage during dry season can only be implemented at large-scale level. Building the polder system is not only difficult physically due to massively covered area, but also socially and legally complicated since a large number of farmers are involved in the process. At this point, idea of building polder system has not even been mentioned by local government or local community.
Economically, high cost of agricultural inputs (inorganic fertilizers, other agrochemicals, energy for operation of agricultural machinery) and low price of agricultural commodities have discouraged local farmers to maximize the yield. Generally, agriculture sector has failed to attract younger and productive workforces in Indonesia. McCaig & Pavcnik (2013) reported that there was drastic move of employment away from agriculture toward services and manufacturing. Manufacturing experienced particularly large expansion of employment. For instance, employment in manufacturing has grown from 8 to 14 % of the workforce. Productive and younger workforce on non-tidal wetland in South Sumatra has also abandoned agriculture works for better paid of non-agricultural jobs in nearby cities.
Scenario in Intensifying Food Production
Due to the short growing season on ontidal wetland, it will be very hard to grow rice twice annually or to increase cropping intensity by introducing crops other than rice. Theoretically, the scenario for increasing cropping intensity includes: (a) starting as early as possible by maximizing the use of floating seedling preparation; (b) practicing ratoon cropping system for second rice crop; (c) developing floating culture system for vegetable crops for farmers' activity during high flooding period; (d) growing aquatic vegetables prior to flooding period; and (e) selecting and focusing on short inundation area within the non-tidal wetlands for Fig. 3 . Scenario for crop cultivation at different depth and duration of inundating phase at non-tidal wetlands in Indonesia. Blue background color represents flooding period and brown represents non-flooding period growing vegetables after rice harvesting (Fig. 3) . For quick wins, identifying and selecting tolerant or adaptable food crops to unfavorable non-tidal wetland ecosystem are worth trying, besides efforts on improving soil quality using available and affordable soil ameliorants.
Seedling preparation on floating rafts constructed using local biomaterials (native sedge of Scleria poaeformis) has been regularly practiced by local farmers at non-tidal wetlands in Pemulutan district, South Sumatra. This raft has been continuously used up until now.
Ratoon rice is not a common practice at non-tidal wetland in South Sumatra. Mainly, local farmers hesitate to do ratooned rice as growing second rice crop for some reasons, i.e. unfavorable climatic conditions as soil starts to dry out gradually, water shortage will become an issue, and irrigating the crop obviously requires extra effort and cost.
The outbreaks of insect pest may also be another serious threat. Workable solution to these two issues (water shortage and insect outbreak) should be resolved prior to practicing rationed rice.
Floating culture of vegetables during flooding period at non-tidal wetland has a better chance to be successful. Floodwater at non-tidal wetland is generally calm, no big wave, suitable for maintaining stability of floating rafts. Recommended vegetables are small size, light weight, and short life cycle. Leafy vegetables should be suitable for floating culture.
Vegetables can also be grown on land after rice harvest as parts of the non-tidal wetland with short flooding period such that the vegetables have enough time for completing their life cycle or at least their production cycle if their economic organ is not fruit. Selected aquatic vegetables such as water spinach or locally known as 'kangkung' or water spinach (Ipomoea aquatica Forssk.) and yellow velvetleaf or locally known as 'genjer' (Limnocharis flava (L.) Buchenau.) can be grown prior to flooding period or at any time of the year as long as the soil moisture can be managed to avoid drought stress to these hydrophyte vegetables.
Besides being used as side dish, water spinach also gives other benefits. Dewanjee et al. (2017) proved that edible extract of water spinach inhibited doxorubicin induced hepato-toxicity. Xiao, Wong, Huang, & Ye (2015) reported that water spinach is effective for phytoremediation of cadmium. Similarly, yellow velvetleaf plant has been reported as an effective hyper accumulator for heavy metals (Marrugo-Negrete, Enamorado-Montes, Durango-Hernández, Pinedo-Hernández, & Díez, 2017) .
Affordable Technologies and Their Impacts
Agricultural technology can be developed to the cutting-edge level; however, it should not create a huge gap to farmer's adoption capacity. Despite its super sophisticated nature, technology will not have positive impact on crop production unless it is used by farmers. Therefore, the developed agricultural technologies associated with on-farm activities should be substantially relevant and financially affordable to farmers.
In some cases, minor adjustment in agricultural practices, without any significant additional cost for inputs, can increase yield. Kartika et al. (2018) reported that planting pattern and split N fertilizer application increased leaf chlorophyll and nitrogen content during vegetative stage and yield in rice cultivated at riparian wetlands. Increase in rice yield was also reported by Cahyono & Hartati (2013) if P fertlitizer was splitted into two or three times of application. Marlina, Gofar, Subakti, & Rahim (2014) found that composition of 75% of recommended inorganic fertilizer rate with additional biofertilizer increased productive tillers, number of grains per panicle, and weight of milled dry rice.
There are, however, some agricultural technologies that are not directly executed on-farm. Only products of the technologies will be used by farmers in their on-farm activities. The products include inorganic fertilizers, some other manufactured agrochemicals, agricultural tools and machineries, bags and boxes for packaging of harvested produces. At some degrees, all of these products are needed by farmers in general, but for smallholder farmers on non-tidal wetland in South Sumatera, these products are over and beyond their financial capacity. Therefore, our works have been focused on identifying, assessing, and developing substantially-relevant and financially-affordable technologies for smallholder farmers.
There were some promising results from the recent experiments, such as positive effects of biochar application on rice yield (Lakitan et al., 2018a) , tolerance of some vegetable crops to shallow water table , and a successful test in floating culture of chili pepper . However, these results are not conclusive yet, since they need to be tested for repeatability and onsite tests yet to be conducted.
CONCLUSION AND SUGGESTION
Answering the challenges on sustainably escalating food crop cultivation on non-tidal wetlands in Indonesia should not be limited to agronomic solution; it should comprehensively integrate ecological, economical, and social considerations. Local farmers should be placed at center stage. The recent farmer's practices reflect their preference, financial capacity, knowledge and skills. Based on the characteristics of local farmers, it is suggested that substantially relevant, financially affordable, and socially acceptable agricultural technologies and practices should be prioritized.
